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(571 ABSTRACT

An improved adjustment mechanism for taking up
back lash producing looseness due to normal wear and
tear in the gear train of a back lash free power transfer
mechanism. In construction the adjustment mechanism
includes a pair of coacting rotatably mounted members
operatively connected to the gear train of the power
transfer mechanism and arranged such that rotation of
one of these members causes corresponding rotation of
the other member, in turn, realigning intermeshing gear

- teeth of the gear train to remove back lash producing
gaps or play therebetween.

10 Claims, 4 Drawing Figures
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CONTINUOUSLY ADJUSTABLE BACK LASH FREE
POWER TRANSFER MECHANISM

BACKGROUND OF THE INVENTION

The transfer of power from a drive shaft to a driven
cam shaft equipped with contoured cams and followers
biased against the cams is often attended by the intro-
duction of back lash into the gear train utilized to trans-
mit power. The occurrence of back lash is particularly
noticeable in applications which involve the use of
sharply contoured cams. Each time the biased follower
passes over a high point in the contoured cam a force
is exerted by the follower on the cam shaft in the oppo-
site direction to its direction of rotation. Upon release
of this counterforce the cam shaft tends to jump or
spurt forward at a rotational speed greater than the ro-
tational speed at which it is being driven. This jumping
ahead movement, in turn, creates back lash producing
gaps or play between intermeshing gear teeth until such
time as the play is taken up. This spurtting or jumping
ahead movement also aggravates normal wear and tear
on intermeshing gear teeth. In addition it can cause se-
rious deviation in the work path of a tool or other im-
plement which is dependent upon precision rotation of
the cam shaft for proper operation.

In my U.S. Pat. No. 3,554,044 which issued on Jan.
12, 1971 a back lash free power transfer mechanism is
disclosed which effectively inhibits the development of
back lash producing play or gaps arising from such
counterforces. Briefly, in construction, my prior pa-
tented mechanism includes a gear train which com-
prises a drive shaft mounting two spaced apart worm
gears. These worm gears each intermesh with individ-
ual worm wheels which, in turn, are operatively con-
nected to individual relay shafts mounting respective
hourgiass worm gears. The hourglass worm gears coop-
eratively engage opposite sides of a gear member
mounted on the driven cam shaft. While each hourglass
worm is driven, only one transmits power to the cam
shaft through the gear member mounted thereon. The
operative teeth or threads of this driving hourglass
worm gear engage the rear faces of the operative teeth
on the cam shaft gear member. The non-driving hour-
glass worm gear is positioned such that its operative
teeth engage the front faces of the operative teeth or
threads on the cam shaft gear member. With this con-
struction any counterforces caused by cam followers
are effectively counteracted since the cam shaft gear
teeth are solidly backed up by the intermeshing teeth
of the non-driving hourglass worm gear and the cam
shaft gear member. Hence the tendency of the counter-
force to create play between intermeshing gear teeth is
effectively inhibited.

Normal wear and tear on the gearing elements of the
gear train will, however, tend to result, after extended
periods of use, in the development of back lash produc-
ing gaps or play between intermeshing gear teth. In
order to correct this condition my prior patented mech-
anism includes adjustment means for realigning or re-
matching the intermeshing gearing elements so that
such gaps are removed. For this purpose the worm
wheel engaging one of the worm gears mounted on the
drive shaft is mounted on its respective relay shaft for
selective rotational or angular adjustment with respect
thereto. This rotational adjustment is accomplished by
means of a pair of set screws which engage opposite
sides of a key retaining a collar to the respective relay
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shaft. The collar itself is removably connected to the
angularly adjustable worm wheel. Upon disconnecting
the collar and worm wheel, adjustment of one or the
other of the set screws will cause rotation of the respec-
tive relay shaft thus effecting proper matching of the
intermeshing gear teeth by what might be described as
a tightening action.

While the adjustment means provided in my prior pa-
tented mechanism has many advantages, it is limited in
the amount of adjustment which can be accomplished.
This limitation is due to the length of the set screws
which have a finite length. Thus angular adjustment or
rotation of the worm wheel can only be accomplished
to the extent permitted by the range of linear move-
ment of the set screws. With a construction according
to this invention my prior patented back lash free
power transfer mechanism is capable of an infinite
range of adjustment.

Another limitation of my prior patented mechamsm
is that in certain instances it is necessary to completely
disassemble the mechanism both for purposes of initial
matching of intermeshig gear teeth in order to obtain
maximum future adjustment capability and for reset-
ting the position of the gear teeth when the full range
or adjustment provided by the set screws has been ex-
hausted. With the construction according to this inven-
tion these drawbacks are also eliminated.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present in-
vention, an improved adjustment means for my prior
patented back lash free power transfer mechanism is
provided. In construction, the adjustment means in-
cludes one housing which contains a pair of movable
coacting members oe of which is mounted for move-
ment along a predetermined path in response to move-
ment of the other member. As presently constructed
these members comprise a pair of rotatable members
of circular cross section having interacting portions on
their external surfaces. In particular, the members in-
clude intermeshing gears.

The first of these rotatable members of the adjusting
means is mounted for rotation with a shaft together
with a gearing element mounted on the shaft for selec-
tive angular adjustment with respect thereto. The hous-
ing part of the adjusting means is connected to this
gearing element for rotation therewith. The second ro-
tatable member is held against rotation about its own
axis relative to the housing and the first rotatable mem-
ber by selectively releasable retaining means. This sec-
ond member is held against rotation in the sense that
during the period when power is supplied to the mecha-
nism it cannot rotate relative to the housing and first
rotatable member. However, upon the cessation of
such power and release of a retaining means, the sec-
ond member can be rotated thus causing rotation of the
first member and corresponding adjustment of the an-
gular position of the shaft, to which the first member is
fixed, relative to the gearing element removing back
lash producing play in the gear train.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a back lash free power trans-
fer mechanism partially in phantom to show the opera-
tive components of the gear train and partially broken
away to show, in cross-section, the improved back lash
adjustment means of the present invention.
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FIG. 2 is a cross-sectional view taken along the lines
of 2—2 in FIG. 1. ‘ '

FIG. 3 is a cross-sectional view of the improved back
lash adjustment means taken along the line 3—3 of
FIG. 1.

FIG. 4 is a schematic diagram of intermeshing gear
teeth of two gearing elements in a back lash free power
transfer mechanism.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIGS. 1 and 2, the back lash free
power transfer mechanism includes a drive shaft 1
which is journaled for rotation at each end in beaing
supports 2 which are seated in recesses 3 of housing 5.
A third upstanding bearing support 4’ is located inter-
mediate along the length of drive shaft 1 as shown in
FIG. 2. The mechanism further includes a pir of relay
shafts 1a and 1b which are operatively connected be-
tween drive shaft 1 and cam shaft 5 by dual gear trains
indicated generally by reference numerals 62 and 6b.
Power is transmitted from drive shaft 1 to driven shaft
5§ via one of the relay shafts. In the drawings the driving
relay shaft is relay shaft 1a. For convenience and clarity
in description corresponding elements of gear trains 6a
and 6b will be given the same reference numeral fol-
lowed by the post script a o b as appropriate.

As shown gear trains 6a, 6b include worm gears 7a,
7b mounted in spaced apart relationship on drive shaft
1 and held in place by means of conventional keys.
Gear trains 64, 6b further include a pair of gearing ele-
ments in the form of worm wheels 92, 95 and hourglass
worm gears 8a, 8b, all of which are mounted on the re-
spective relay shafts 1a, 15. As shown, worm wheels 9a,
9b operatively engage worm gears 7a and 7b on drive
shaft 1 and hourglass worms 8a, 8) operatively engage
opposite sides of gear member 10 mounted on cam
shaft §. Worm wheel 9a is fixedly secured to driving
relay shaft la for rotation therewith in response to the
power supplied by drive shaft 1. Worm wheel 95,
however, is mounted on the non-driving relay shaft 15
for selective relative rotation or angular adjustment
with respect thereto.

In the construction shown, the axis of rotation of
both the driving and non-driving relay shafts 1a and 15,
respectively, are disposed in perpendicular relationship
with respect to both drive shaft 1 and driven cam shaft
5. Thus, in order that both relay shafts la, 1b are driven
in a direction consistent with the rotational direction of
cam shaft 5, relay shaft 1g and relay shaft 15 must be
driven in opposite rotational directions. For this pur-
pose the direction of the threading on worm gears 7a
and 7b mounted on drive shaft 1 are opposite to each
other. With the construction shown in the drawings
worm gear 74 is thus provided with right-hand threads
producing rotation of relay shaft 1a in a clockwise di-
rection as viewed in FIG. 2, Worm gear 75, on the other
hand, is provided with left hand threads producing ro-
tation of non-driving relay shaft 15 in a counter-
clockwise direction as viewed in FIG. 2, Wtih this ar-
rangement cam shaft § is driven by driving relay shaft
1a in a counter-clockwise direction as viewed in FIG.
1. '

The manner in which back lash is inhibited by this
mechanism can best be understood by reference to
FIG. 4 which shows, schematically, the intermeshing
teeth of cam shaft gear member 10 and the hourglass
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worm gears 8a and 8b disposed on opposite sides of
gear member 10. As shown by solid lines in FIG. 4,
hourglass worm gear 8¢ which is driving gear member
10 is positioned with its operative gear teeth 40 con-
tacting the rear faces 41 of the operative teeth 42 of
gear member 10; and hourglass worm gear 8b is advan-
tageously set with its operative teeth 50 contacting the
front faces 51 of the operative teeth 52 on the opposite
side of gear member 10. Upon release of a counter-
force exerted on the cam shaft 5 in the direction of
arrow R the gear member 10 will tend to jump ahead
into the position shown by dotted lines in FIG. 4 in
which position it will be recognized that a back lash
producing gap (g) exists between intermeshing gear
tecth 40 and 42 of intermeshing gear member 10 and
hourglass worm gear 8a, respectively. However, with
the construction described, the gap producing jumping
ahead movement of cam shaft § is prevented by the
solid back-up action provided by contacting teeth 50
and 52 of gear member 10 and hourglass worm gear 8b,
respectively. And, the potential aggravation of normal
wear and tear between intermeshing gear teeth as the
driving hourglass worm gear spurts forward to take up
the gap (g) is substantially eliminated and consequently
such potential aggravation does not contribute to
looseness or play between the gearing elements of the
mechanism. For a more detailed description of the
back lash free power transfer mechanism reference is
made to my United States patent mentioned previously.

For the purpose of removing back lash producing
gaps resulting from normal wear and tear, improved ad-
justment means is provided. This means includes a sup-
port means in the form of a housing 20 which is secured
to the face of worm wheel 95 by bolts 21, Contained
within housing 20 are first and second coacting rotat-
able members 22 and 23 respectively. The external pe-
ripheral surfaces of the first and second members 22,
23 are disposed in engaging relation and are con-
structed with interacting portions such that movement
or rotation of the second member 23 causes corre-
sponding movement or rotation of the first member 22.
In the construction shown, the interacting portions
consist of a series of intermeshing gear-like teeth ex-
tending around the peripheral surfaces of coacting
numbers 22, 23 which, as shown, are arranged with
their axes of rotation in perpendicular relationship.

Gear-like member 22 is mounted for rotation with
relay shaft 1. For this purpose gear-like member 22 is
keyed to shaft extension 12 of relay shaft 1b and sepa-
rated from the end of relay shaft 15 by spacer 24. For
the purpose of preventing longitudinal disengagement
of gear-like member 22 from shaft extension 12, the
free end of shaft extension 12 has a reduced portion 26
which is threaded for reception of retaining nut 25. Nut
25 holds gear-like member 22 in place. It will be recog-
nized that with this construction, gear member 22 ro-
tates with relay shaft 15, the axis of rotation of gear-like
member 22 being coincident with the axis of rotation
of relay shaft 1b.

Power for driving relay shaft 15 is transmitted succes-
sively from the drive shaft 1 to worm gear 75, worm
wheel 9b, gear-like member 23 and finally to gear-like
member 22 connected to relay shaft 15. With this ar-
rangement the various gearing elements of gear train
6b, including worm wheel 9b and gear-like member 22
of the adjustment means, rotate in unison during opera-
tion of the mechanism. However, it is also to be recog-
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nized that relay shaft 15 and connected gear-like mem-
ber 22 can be rotated independently of worm wheel 9b

when no power is supplied by the drive shaft. It is this '

independent rotation capability that is used for the pur-
pose of adjusting or initially taking up play between the
gears and for removing play arising from normal wear
and tear on the various gearing elements of the gear
trains of the mechanism.

_During normal operation of the power transfer mech-
anism the gear-like member 23 is acted upon by selec-
tively operable retaining means to prevent rotational
movement of gear-like member 23 relative to housing
20 and gear-like member 22. This means includes a
pair of compression bearings 31 and 31’, axially dis-
posed on opposite ends of gear-like member 23. Re-
leasable compression means are also included for ap-
plying sufficient axial force to the compression bear-
ings to tightly bind the gear-like element 23 therebe-
tween, thereby holding it against rotation about its own
axis. As shown in FIG. 3 gear-like member 23 is keyed
to shaft 30 which extends through bore 29 in housing
20. Disposed annularly about shaft 30 on either end of
. gear element 23 are the compression bearings 31 and
31'. The lower compression bearing 31 is provided with
a flange 32 at its upper end which seats on shoulder 33
formed in the lower portion of bore 29. The lower end
of shaft 30 is secured to compression bearing 31 by
plate 34 in turn secured in abutting relationship to the
end of compression bearing 31 by bolt 35.

The upper end of bore 29 is open and internally
threaded to receive a releasable compression means
defined by an externally threaded retaining member
36. This member bears against the end of compression
bearing 31'. With this construction, retaining member
36 is adapted to be adjusted to apply pressure to bear-
ing member 31 until the gear-like member 23 is tightly
compressed between thrust bearing surfaces 37 and 37’
formed on bearings 31 and 31’, respectively. After the
required adjustment is made, set screw 38 may be tight-
ened to lock retaining member 36 in place. Advanta-
geously set screw 38 is equipped with a milar tip in
order not to damage the threads on retaining member
36. With the gear element 23 compressed tightly be-
tween compression bearings 31 and 31’, considerable
force will be required to rotate gearing element 23; and
as a practical matter, gearing member 23 is held against
rotation about its own axis during operation of the
gear-trams 6a, 6b of the mechanism, as is more fully ex-
plained in the following portion of the specification
wherein the operation of the improved adjustment
means is described.

Operation of the adjustment means of this invention
will be described first with reference to the condition
when power is supplied by drive shaft 1 and then with
reference to the condition under which adjustment of
- the back lash looseness is desired, in which condition
power to drive shaft 1 is shut off.

With drive shaft 1 supplying power to the mecha-
nism, worm gear 7b will cause rotation of worm wheel

9b. In turn, housing 20 which is connected to worm
wheel 9b will rotate. Because gear-like member 23 is
held against rotation as described above, the rotation
of housing 20 will impart corresponding rotation
through inter-engaging gear-like members 23 and 22 to
relay shaft 1b. It will be recognized that the transmis-
sion of power to the relay shaft 1b is dependent upon
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the nonrotatability of gear-like member 22 through the
interface of intermeshing gear-like teeth.

When it is desired to make an adjustment for back
lash producing looseness or play as above described,
the power to drive shaft 1 is disconnected and retaining
member 36 may be loosened. To rotate gear-like mem-
ber 23 a wrench or other suitable device is applied to
the upper end of shaft 30 which extends externally of
housing 20 through the open end of bore 29 as shown.
Rotation of gear-like member 23 about its own axis will
cause corresponding rotation of gear-like member 22
and connected relay shaft 15. As worm wheel 95 is not
connected directly to relay shaft 1b rotation of the
relay shaft 1b takes place independently of worm wheel
9b which itself does not undergo rotational movement.
However, the relative angular position between worm
wheel 9b and relay shaft 1b is changed as a result of the
independent rotation of relay shaft 1b.

The effect of rotation of relay shaft 1b is to tighten
or take up any play or looseness in the gear trains 6a,
6b by rematching or realigning intermeshing gear teeth
into their proper relative positions. For example, and
referring again to FIG. 4, rotation of relay shaft 1b in
a clockwise direction will reset gear teeth S0 against
the front faces 51 of gear teeth 52 on gear member 10.
And, continued rotation will reset the rear faces 41 of
oppositely positioned gear teeth 42 on gear member 10
against gear teeth 40 of hourglass worm gear 8a. This
tightening action will, in turn, be transmitted through
relay shaft la to worm wheel 9a thus realigning the in-
termeshing gear teeth on threads of worm wheel 9a and
worm gear 7a mounted on drive shaft 1, and so forth.

With the construction described above, an infinite
range of back lash adjustment is provided since the
gear-like member 23 may be rotated indefinitely to ac-
complish the desired adjustment. And, the necessity of
carefully matching or rematching the various inter-
meshing gear teeth of the gear trains in order to allow
for maximum future adjustment capability is elimi-
nated. It is also to be noted that retaining member 36
is accessible externally of housing 20 through the open
end of bore 29. Set screw is also accessible externally
of housing 20 as shown. Thus with the construction de-
scribed, it is no longer necessary to disassemble the en-
tire mechanism to accomplish back lash adjustments.

1 claim:

1. In a mechanism for transferring power free of back
lash from a drive shaft to a driven shaft, said mecha-
nism comprising a gear train means including a rotat-
able shaft, a gearing element mounted on the rotatable
shaft for selective angular adjustment relative thereto,
and adjustment means for changing the relative angular
position of said gearing element and said rotatable shaft
to take up back lash producing play in the gear train,
the improvement wherein the adjustment means com-
prises:

a. support means mounted for rotation with said se-

lectively adjustable gearing element;

b. a first member mounted on said support means for
rotation with said rotatable shaft;

c. a second member mounted on said support means
for selective movement along a predetermined
path relative to said first member and said support
means, said first and second members having inter-
acting portions such that movement of said second
member along said predetermined path causes ro-
tation of the first member and a change in the an-
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gular position of said rotatable shaft relative to said
gearing element; and

d. selectively operable retaining means for prevent-

ing movement of the second member along said
predetermined path during transmission of power
from said drive shaft to the driven shaft.

2. The improvement according to claim 1 wherein:

a. the first and second members each comprise a ro-

tatably mounted element of circular cross-section;
and

b. the outer peripheral surface of said members are

disposed in engaging relationship;

¢. the movement of said second member along said

predetermined path is defined by rotation of said
second member about its own axis of mounting;
and

d. the interacting portions of said members are dis-

posed on said peripheral surfaces such that rotation
of the second element causes corresponding rota-
tion of the first element.

3. The improvement according to claim 2 wherein
the axes of rotation of the first and second circular ele-
ments are disposed in perpendicular relationship.

4, The improvement according to. claim 3 wherein
said interacting portions comprise intermeshing gear-
like teeth.

5. The improvement according to claim 2 wherein
said selectively operable retaining means comprises:

a. a pair of compression bearings axially disposed on

opposite ends of the second circular element in
contacting relationship thereto; and

b. releasable compression means for applying suffi-

cient axial force to said compression bearings to
tightly bind the second circular element against ro-
tation about its own axis.

6. The improvement according to claim 5 wherein
said retaining means further includes:
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a. a shaft element for mounting the second circular
element fixed thereto;

b. a bore in the housing for receiving the shaft ele-
ment, said bore having a shoulder at one end form-
ing a seating surface for one of said compression
bearings;

c. an adjustable retaining member disposed axially
above the other of said compression bearings for
axial movement within said bore into tight engage-
ment with said other compression bearing; and

d. holding means for locking said retaining member
in place against said other compression bearing.

7. The improvement according to claim 6 wherein:

a. the other end of said bore is open; and

b. said shaft element includes an extension piece ex-
tending externally of said housing through the open
end of said bore, said shaft extension being adapted
to fit a wrench or other suitable device for turning
said second circular element to take-up back lash
producing play upon release of said retaining
means.

8. The improvement according to claim 7 wherein
the axes of rotation of the first and second circular ele-
ments are disposed in perpendicular relationship.

9. The improvement according to claim 8 wherein:

a. said interacting portions comprise intermeshing
gear-like teeth; and :

b. said retaining member comprises a nut element
threadedly disposed within said bore, said nut ele-
ment being accessible for adjustment externally of
said housing through the open end of said bore.

10. The improvement according to claim 9 wherein

said holding means comprises a set screw adapted to
engage said nut element, said set screw being accessible

for adjustment externally of said housing.
* * * * *
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